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(57) Abstract 

A catalyst material for purification of gases and liquids and a process for preparing it. The catalyst material includes a catalytically 
inert support body with at least one metal oxide coating deposited on the support body. The support body consists of a ceramic material 
with a macropore system as well as a micro- and/or a mesopore system. The ceramic material is produced by mixing clay preferably 
Srt wnTr^ro^combustible material, which nuxcurfby means of peUeuzing, extruding or the Uke is formed to bodies^ wfcuch 
are burnt at a temperature preferably within the range of 1000-1200 °C One or more metal oxides are deposited on the support bodies 
by impregnating them with an aqueous solution of at least one metal salt, whereupon the metal salt by contact with one or more a^aUnc 
subs^ncef is precipitated as a metal hydroxide. The support bodies are subsequently dried and heated to a temperature of 200-900 C ; 
whereby the precipitated metal hydroxyde is calcined to the corresponding oxide. 
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A catalyst material for purification of gases 
and liquids and a process for preparing it* 

This invention relates to a catalyst material, a process 
for preparing it and a use thereof. The catalyst material 
comprises a catalytically inert support body and at least 
one on the support body deposited metal oxide coating. 

From the U.K. patent No. 1 430 952 it is known to impregnate 
a support body with an aqueous solution of a metal salt, 
and then by means of one or more alkaline substances pre- 
cipitate a metal hydroxide from the metal salt, and sub- 
sequently calcine the support body whereby the precipitated 
metal hydroxide is calcined to the corresponding oxide. 
The principal advantage of the method according to the 
U.K. patent is that a tightly-adhering metal oxide coating 
is obtained on the support without the need for binders. 
The support bodies which are principally referred to in 
this patent are of the honeycomb type with thin channels. 

For a long time catalysts have been described in the litera- 
ture. In these catalysts the active compound often consists 
of at least one metal and/ or metal oxide. Various structures 
and functions are known. Important factors for such a cata- 
lyst is of the pore size distribution and the size of the 
surface area, which both affect the efficiency and the 
activity of the catalyst. Coarse pores and the highest 
possible specific surface area are desired. Coarse pores 
result in a highly efficient dif fusibility which makes 
the catalyst more efficient since transport limitations 
are reduced. Further a high surface area results in a 
higher catalytic activity as the area of contact between 
the catalytically active phase and for instance a gas 
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increases. To obtain a high efficiency and a high acti- 
vity at the same time the catalyst should consequently be 
characterised in macropores combined with a high surface 
area. 

■» 

At the production of catalysts one usually starts from an 
inert support body, often a ceramic material. The support 
body is coated with at least one metal oxide and/ or metal. 

At present there are problems at the production of cata- 
lysts with ceramic support bodies, principally in the 
form of pellets, which both have a high surface area and 
a highly efficient dif fusibility . The problem is that in 
order to obtain a high surface area, and thereby a high 
activity, the pellets have been provided with a higher 
amount of pores and the pores have been made smaller. 
This in its turn has implied that, because of mass tran- 
sport limitations, the effective diffusion has decreased 
and the transformation degree of the catalyst has then 
become unchanged or decreased instead of increased. 
Pellet catalyst with a high surface area and a highly 
efficient dif fusibility are especially suitable in 
applications where a high internal mass transport is of 
great importance as for instance at total oxidation of 
hydrocarbons comprised in for instance stackgases and at 
desulphurisation of petroleum fractions such as com- 
bustible oils, naphta and the like. 

At the traditional process for the production of pellet 

catalysts the support bodies are impregnated with a metal 

salt, dried and burned, whereby the metal salt is calcined ' 

to the corresponding oxide. Then the surface area of the ♦ 

support body, irrespective of the magnitude of the pores. 
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does not get much larger than the total surface area of 
the pores. When the poresystem of the support body is a 
micro- or a mesoporesystem, the pores, become very narrow 
with a resulting low dif fusiblity . 

The coating with an active phase of a metal is usually 
obtained by immersing the support body into a solution of 
a metal salt, which is subsequently reduced under heating 
in an atmosphere containing hydrogen for instance. Before 
the deposition of the active phase the support body is 
often coated with a catalytically inactive phase, for in- 
stance a catalytically inactive metal oxide, which con- 
stitutes an under layer for the active phase. 

According to the present invention it has surprisingly 
become possible to solve the above problem with pellet 
catalysts and a process for preparing a catalyst material 
including a catalytically inert support body, with at 
least one on the support body deposited metal oxide coating 
has been brought about. The catalyst is characterised in 
that the support body consists of a ceramic material 
which is produced by mixing clay, preferably kaolin, with 
at least one combustible material. The mixture is formed 
by means of pelletizing, extrusion or the like to bodies 
such as pellets, granules or tablets, preferably pellets, 
which are burnt at a temperature exceeding the biscuit 
firing temperature but below the incrustation heat of the 
clay, preferably within the range of 1000-1200°C. When 
the bodies are burnt the combustible material is released 
and ceramic support bodies with a macroporesystem is 
obtained. One or more metal oxides are then deposited on 
the support bodies by impregnating them with an aqueous 
solution of at least one metal salt, preferably a chloride 
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or nitrate salt, whereupon the metal salt by contact with 
one or more alkaline substances, preferably an aqueous 
solution of sodium hydroxide, potassium hydroxide, cal- 
cium hydroxide or ammonia is precipitated as the corre- 
sponding metal hydroxide. After the precipitation the 
support bodies are dried and heated to a temperature of 
200-900°C, preferably 500-700°C, whereby the precipi- 
tated metal hydroxide is principally calcined to the 
corresponding oxide, resulting in support bodies with a 
micro- and/ or mesoporesystem in the macroporesystem. 

A liquid, preferably water may be added to the clay and 
the combustible material to obtain a mouldable paste. 

The bodies formed are often dried before the burning 
step* 

The support bodies can for instance be produced by means 
of a tablet machine, a disc palletizer or two rollers. 

The macroporesystem formed in the support bodies, pre- 
ferably pellets in combination with the pronouned increase 
of the catalytically active surface area which is con- 
siderably higher than the original surface area results 
in a highly efficient dif fusibility and a high overall 
activity at the same time. 

According to the invention it has been possible to com- 
bine course pores with high efficient dif fusibility with 
a high surface area and thereby a high activity. 

By an alkaline precipitation of the metal salt as a 
hydroxide before the calcination a voluminous precipitate 
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is obtained on the support bodies and in their poresystem. 
The swelling of the hydroxide precipitate that occurs as 
a result of the chemical reactions makes the surface of 
the metal oxide coating increase considerably after the 
calcination. Thus , the surface area has increased con- 
siderably to very strongly in relation to the deposited 
amount of oxide and to the surface structure of the 
pores. The degree of the swelling is dependent upon the 
choice of metal salt, i.e. which positive respectively 
negative ion the metal salt contains, and the choice of the 
base for the precipitation. 

The metal salts are present as aqueous solutions. There- 
fore, also the precipitation agents, the alkaline substances 
are preferably used as aqueous solutions. Normally the 
whole support bodies are immersed into respectively solu- 
tion. 

As mentioned above ammonia solution and/ or alkali metal 
hydroxides are adequate precipitating agents. Ammonia is 
preferred, unless the metal salt is soluble or partly 
soluble therein, forms complex compounds with ammonia or 
ammonia in another way causes problems- If ammonia solu- 
tion is used for the precipitation of a metal chloride 
for instance a precipitate of ammonium chloride is obtained 
on the support bodies in addition to the metal hydroxide. 
The precipitated ammonium chloride is released from the 
support bodies at the calcination. If a hydroxide is 
used, for instance sodium hydroxide, sodium chloride is 
obtained which must be washed away before the calcina- 
tion of the metal hydroxide, i.e. an extra production step 
is needed. 
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Advantageously the combustible material consists of 
graphite and/ or cellulose in a weight ratio of 
60:40-40:60 in relation to the clay. The combustible 
material has suitably an average particle size of 
1-IOOmei, preferably 30-70/Lun. 

In one embodiment of the invention the metal oxide coating 
consists of one or more catalytically active oxides of 
metals such as nickel, cobalt, manganese, iron, copper, 
chromium and/or molybdenum. In that case the catalyst, 
consisting of a micro- och/or mesoporesystem and a macro- 
poresystem, is activated and ready to be used directly 
after the calcination. 

In one alternative embodiment of the invention the metal 
oxide coating consists of one or more catalytically in- 
active metal oxides, preferably oxides of aluminium and/or 
titanium. In this case a semi-finished catalyst material 
is obtained consisting of a bimodally poresystem, i.e. a 
micro- or mesoporesystem and a macroporesystem. The support 
bodies are then catalytically activated by depositing a 
least one catalytically active phase in the form of a 
metal oxide, a metal sulphide or a metal from at least 
one of the groups 

(i) nickel, cobalt, manganese, iron, copper, chronium 
and /or molybdenum; 

(ii) platina, palladium and/or rhodium; 

on the support bodies and in the poresystem thereof. The 
inactive metal oxide coating functions as a subcoating 
and causes the desired enlargement of the active surface 
area. 
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It is possible according to the invention to deposit two 
or more metal oxide coatings with or without calcination 
in between. 

According to another embodiment of the invention the 
catalytically active oxide can be converted to sulphide. 
The oxide can the consist of molybdenum oxide , combined 
with nickel oxide and/ or cobolt oxide. 

At the activation step metal oxides and metals can be de- 
posited by most of the methods known in the art. 

The active phase of the catalysts can be achieved with a 
catalytically active metal oxide, mixtures of different 
active oxides of the same metal and/or different metals. 
Combinations of different oxides are obtained by the use 
of mixtures of metal salts or by the deposition of 
several layers with or without calcination in between. 
Furthermore, different combinations of catalytically in- 
active metal oxides and catalytically active metal oxides 
or metals can be used. Such combinations are deposited in 
different layers, preferably with a calcination in between. 
By the use of different metal oxides, different combina- 
tions of metal oxides or different combinations of metal 
oxides and metals, for instance the efficiency, the acti- 
vity and the working life of the catalyst can be adapted to 
various needs. C0 3 0 4 deposited according to the invention 
results in a very efficient catalyst with a comparatively 
short working life, while the combination of underlaying 
Ti0 2 deposited according to the invention and metallic 
copper deposited according to a known method results in a 
somewhat lower efficiency but a considerably longer work- 
ing life. 
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The catalyst material according to the invention can be 
used for purification of gases and liquids, such as at 
total oxidation of hydrocarbons comprised in for instance 
stack-gases and at desulphurisation of petroleum fractions 
such as combustible oils, naphta and the like. 

The invention is further explained by the following examples 
and the enclosed Figures 1 and 2, where Example 1 shows the 
production of a ceramic support body in the form of pellets 
with a macroporesystem. 

Example 2 shows a deposition according to the present in- 
vention of a catalytically active metal oxide (C0 3 0 4 ) on 
the support body obtained according to Example 1. 

Example 3 shows the production of a catalytically inactive 
support body by deposition according to the present inven- 
tion of a catalytically inactive metal oxide (Al 2 0 3 ) on 
the pellets obtained according to Example 1. 

Example 4 shows the activation of the pellets produced 
according to Example 3 by deposition of a catalytically 
active metal oxide (CuO) . 

Example 5 shows the activation of the pellets produced 
according to Example 3 by deposition of metallic 
palladium. 

Example 6 shows the catalytic activity of a Pd catalyst 
according to Example 5 in comparison with the catalytic 
activity of a traditional Pd catalyst consisting of pellets 
of A1 2 0 3 with a microporesystem coated with metallic 
palladium. 
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Example 7 shows the catalytic activity of a Co 3 0 4 cata- 
lyst according to Example 2 in comparison with the cata- 
lytic activity of a Co 3 0 4 catalyst consisting of pellets 
of Co 3 0 4 having a microporesystem. 

Figures 1 and 2 illustrate the result obtained according 
to Examples 6 and 7. 



Example 1 

A ceramic support body was produced by mixing dry kaolin 
with graphite having an average particle size of 50 nm, 
in a weight ratio of 1:1. The obtained powder was mixed 
with water to a mouldable paste which by means of extru- 
sion was shaped to small bodies in the form of cylinders, 
so called pellets. The bodies were dried and burnt at a 
temperature of 1100°C (the biscuit firing temperature was 
about 800°C and the incrustation heat of the clay was 
1150-1350°C) . 

At the burning the combustible graphite was released and 
a coarse-porous (macropore-) system was formed in the re- 
sulting ceramic material. 

The obtained ceramic pellets had an average diameter of 
2 mm, a length of 4-10 mm and a surface area of approxi- 
2 

mately 2 m /g. 
Example 2 

The ceramic pellets obtained according to Example 1 were 
immersed for 1 hour in a 15 % aqueous solution of CoCl 3 . 
The pellets were picked up and afterwards immersed for l 
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hour in a 5 M aqueous solution of NaOH whereby Co(0H) 3 
and NaCl were precipitated on the pellets and in the pore 
system of the pellets. The pellets were picked up and the 
NaCl formed was washed away with water. After the washing 
the pellets were dried and burnt at a temperature of 
500°C, whereby Co(OH) 3 was calcined to Co^O^ . In this way 
an activated catalyst was obtained. 

Example 3 

Ceramic pellets obtained according to Example l were 
immersed for 1 hour in a 10 % aqueous solution of A1C1 3 . 
The pellets were picked up and then immersed for 1 hour 
in a 10 % aqueous solution of ammonia whereby Al(OH) 3 and 
NH^Cl were precipitated on the pellets and in the pore- 
system of the pellets. The pellets were picked up, dried 
and burnt at a temperature of 500 °C, whereby A1(0H) 3 was 
calcined to A1 2 0 3 and the NH 4 C1 was released. A cata- 
lytically inactive carrier with a macroporesystem and a 

micro/mesoporesystem was obtained. The surface area of 

2 

the pellets increased from approximately 2 m /g before 

2 

the application of A1 2 0 3 to approximately 50 m /g 
afterwards . 

Example 4 

The pellets obtained according to Example 3 were activated 
by immersing them for 1 hour in a 10 % aqueous solution 
of Cu(N0 3 ) 2 . The pellets were picked up, dried and burnt 
at a temperature of 500 °C, whereby the Cu(N0 3 ) 2 absorbed 
on the pellets and in the poresystem of the pellets was 
calcined to CuO. In this way an activated catalyst was 
obtained. 
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Example 5 

The pellets obtained according to Example 3 were activated 
with a coating of metallic palladium, which was deposited 
by immersing the pellets for 2 minutes in an aqueous solu- 
tion of PdCl 2 (20 /xmol/1) and afterwards reducing PdCl 2 
to metallic palladium at 400°C in an atmosphere containing 
1 % propane. 

Example 6 

A conventional Pd catalyst was produced by coating a 
conventional A1 2 0 3 pellet shaped carrier with a surface 
area of 200 m 2 /g with metallic palladium. The catalyst 
was charged into a reactor for measuring the conversion 
of CO-gas into C0 2 -gas when the CO gas passed the reactor. 
The conversion of CO was measured in percentage as a 
function of the inlet temperature of the CO-gas into the 
reactor . 

The process was repeated with the Pd catalyst produced 
according to Example 5. 

The results obtained with the above two catalysts are 
shown on the enclosed Figure 1 as two curves. From a 
comparison of the two curves it is evident that the 
catalytic activity of the Pd catalyst according to the 
invention exceeds the catalytic activity of the con- 
ventional Pd catalyst at all temperatures in the test. 

The catalyst according to the invention has the advan- 
tages as compared to a conventional catalyst that the 
degree of conversion of CO into C0 2 is higher and that 
the catalyst can work at a lower temperature. 
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Example 7 

The test disclosed in Example 6 was repeated but other 
catalysts were compared. Thus in this case the catalytic 
activity of a C0 3 0 4 catalyst produced according to Example 
2 was compared with a conventional C0 3 ° 4 catalyst con- 
sisting of pellets of CO-O. with a microporesystem and a 
surface area of about 150 m /g. 

The results obtained are illustrated by the curves on the 
enclosed Figure 2. As shown the catalytic activity of the 
C0 3 0 4 catalyst of the invention exceeds the catalytic 
activity of the conventional C0 3 0 4 catalyst at all tempera 
tures in the test. 

Also this experiment shows that the catalyst according to 
the invention has the advantages as compared to the 
conventional catalyst that the degree of conversion of CO 
into C0 2 is higher and that the catalyst can work at a 
lower temperature. 

The present invention is not limited to the embodiments 
shown r since these can be modified in different ways 
within the scope of the invention. 
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CLAIMS 

1. A process for preparing a catalyst material including a 
catalytically inert support body, with at least one 
on the support body deposited metal oxide coating, 
characterised in, that the support body 
consists of a ceramic material, which material is pro- 
duced by mixing clay, preferably kaolin, with at least 
one combustible material, which mixture by means of 
pelletizing, extruding or the like is formed to bodies 
such as pellets, granules or tablets, preferably pellets, 
which bodies are burnt at a temperature exceeding the 
biscuit firing temperature but below the incrustation 
heat of the clay, preferably within the range of 
1000-1200°C, at which heating the combustible material 
is released and ceramic support bodies with a macro- 
poresystem is obtained, that one or more metal oxides 
are deposited on the support bodies by impregnating 
them with an aqueous solution of at, least one metal 
salt, preferably a chloride or nitrate salt, whereupon 
the metal salt by contact with one or more alkaline 
substances, preferably an alkalimetal hydroxide solu- 
tion or an ammonia solution is precipitated as a metal 
hydroxide, and that the support bodies are subsequently 
dried and heated to a temperature of 200-900°C, pre- 
ferably 500-700 °C, whereby the precipitated metal 
hydroxide is principally calcined to the corresponding 
oxide and support bodies with a micro- and/ or a meso- 
poresystem in the macroporesystem are obtained. 

2. A process according to claim icharacterised 
i n, that a liquid, preferably water is mixed with 
the clay and the combustible material. 
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3. A process according to claim lor2characte- 
r i s e d in, that the bodies formed are dried be- 
fore the burning step. 

4. A process according to anyone of claims 1-3 charac- 
terised in, that the combustible material con- 
sists of graphite and/ or cellulose in a weight ratio 

of 60:40-40:60 in relation to the clay. 

5. A process according to anyone of claims 1-4 charac- 
terised in, that the average particle size 

of the combustible material is 1-100 /im, preferably 
30-70 /xm. 

6. A process according to anyone of claims 1-5 charac- 
terised in, that the metal oxide coating con- 
sists of one or more catalytically active oxides of 
metals such as nickel, cobalt, manganese, iron, copper, 
chromium and/or molybdenum, whereby a catalyst with a 
micro- and/ or mesoporesystem is obtained. 

7. A process according to anyone of claims 1-5 charac- 
terised in, that the metal oxide coating con- 
sists of one or more catalytically inactive metal oxides, 
preferably oxides of aluminium and/ or titanium, whereby 

a catalytically inactive support body with a micro- 
and/or mesoporesystem and a macroporesystem is obtained. 

8. A process according to anyone of claims 1-7 charac- 
terised in, that two or more metal oxide coatings 
are deposited with or without calcination in between. 
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9. A process according to anyone of claims 7or8charac- 
terised in, that the support body is catalyti- 
cally activated by depositing at least one catalytically 
active phase of a metal such as an oxide or a sulphide 
from at least one of the groups 

(i) nickel, cobalt, manganese, iron, copper, chromium 
and/ or molybdenum; 

(ii) platina, palladium and/or rhodium; 

on the support body and in the poresystem thereof, 
whereby the previously deposited catalytically inactive 
metal oxide coating functions as a subcoating. 

10. A process according to anyone of claims 6 or 9 c h a- 
racterised in, that the catalytically active 
oxide is converted into a sulphide. 

11. A process according to claim 10 characterised 
i n, that the catalytically active oxide is molybdenum 
oxide, combined with nickel oxide and/or cobolt oxide. 

12. A process according to claim 7or8characte- 
r i s e d in, that the support body is activated 
catalytically by depositing at least one catalytically 
active metal from at least one of the groups 

(i) nickel, cobalt, manganese, iron, copper, 
chromium and/ or molybdenum; 

(ii) platina, palladium and/or rhodium; 
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on the support body and in the poresystem thereof, 
whereby the previously deposited catalytically in- 
active metal oxide coating functions as a subcoating. 

13. A catalyst material produced according to anyone of 
claims 1-12. 

14 . The use of a catalyst material according to claim 
13 for purification of gases and liquids. 
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